Abstract-Determination of The Steady State Response of EFEF / VFVF Supported Rectangular Specially Orthotropic Plates is presented. EFEF and VFVF plates, these are rectangular plates with two opposite edges elastically or viscoelastically supported and remaining others free. Using the energy based finite difference method; the problem is modeled by a kind of finite difference element. Due to the significance of the fundamental frequency of the plate, its variation was investigated with respect to mechanical properties of plate material and translational spring coefficient of supports. The steady state response of viscoelastically supported plates was also investigated numerically for various damping coefficients. In the numerical examples, the natural frequency parameters and steady state responses to a sinusoidally varying force are assessed for the fundamental mode. Convergence studies are made. Many new results have been presented. Considered problems are solved within the frame work of Kirchhoff-Love hypothesis.
INTRODUCTION
It is generally accepted that classical support conditions employed in the analysis of rectangular plate behavior represent only limiting mathematical conditions. The actual boundary conditions of a real system are mostly not classical, for example in ship plating, machine tables, circuit boards, solar panels, bridge decks, aircraft and marine structures supports are generally accepted are elastic. In addition, rectangular plates, with two opposite edges supported and remaining others free, extensively use in many branches of modern industry, these panels and plates are fabricated from composite materials. Therefore, the present investigation may be considered to be a problem of the mechanics of elements fabricated from composite materials. There are lots of work has been undertaken for the analysis of a rectangular plate in the case of free and forced vibrations in literature. Extensive investigation has been carried out on the analysis of the free vibration of rectangular plates having classical boundary conditions, [1] [2] [3] [4] [5] [6] and elastically restrained edges has been widely analyzed. Viscoelastically supported plates studied by several researchers for point supported plate systems. Yamada and co-workers [32] studied free vibrations of elastically pointsupported plates and forced vibrations of viscoelastically point-supported isotropic plates. Kocatürk and Altıntaş [33, 34] extended Yamada's [32] problem in case of anisotropic plates by using finite difference technique.
In this paper, plate problems are studied particularly for the case of boundary conditions elastically and viscoelastically restrained against translation.
A review of the related literature reveals that this problem has not heretofore been properly addressed. Prompted by lack of research work in this area, this paper aims to provide some vibration solutions for plates systems. The accuracy of the results was partially shown by comparing results available from other sources wherever possible. Consider a viscoelastically supported plate with side lengths a, b and thickness h subjected to a concentrated force as shown in Fig 1. Translational stiffness and damping coefficients were assigned equally along supported edges. The elastic symmetry axis of the plate material coincide with the OX and OY axes. Therefore the plate is specially orthotropic. Given W is the lateral displacement of the mid-surface of the plate corresponding coordinate Z, maximum strain energy of the plate is 2  2  2  2  2  2  2  2  2 2  66  2  2  2  2   2 2 2 4 2
and maximum kinetic energy of the plate is 
where XX D , YY D and 66 D are expressed as follows:
The additive strain energy and dissapation function of per viscoelastic support is 
The derivative terms was approximated in terms of discrete displacements at grid points by using the following finite difference operators:
The energy for the whole plate can be found by summing over the entire area of the plate. Thus 
where , m n w is the , m n th discrete displacement and the overdot stands for the partial derivative with respect to time. Introducing the following non-dimensional parameters, 3 2 4 2 , , ,
and remembering that ( )
w x x t w x x e = ω , which was given in equation (7), by using equation (11) for the mesh point m, n with equation (8a-e) results in the following expression: For the whole mesh points, by using equation (13), the following set of linear algebraic equations is obtained which can be expressed in the following matrix form
where [ ]
and [ ] C are coefficient matrices obtained by using equation (13) for all mesh points. For free vibration analysis, when the external force and damping of the supports are zero in (14) , this situation results in a set of linear homogeneous equations that can be expressed in the following matrix form:
Numbering of the mesh points is shown in Figure 2 . By decreasing the dimensionless mesh widths, the accuracy can be increased.
The total magnitude of the reaction forces of the supports is given by
and therefore the force transmissibility at the supports is determined by
where EXT F ∑ is total amount of external force.
The number of unknown displacements is ( )
N is the mesh size in the plate region.
NUMERICAL RESULTS
Because of the lackness of the comparable results for different E 2 /E 1 ratios, only fundamental frequency of simple supported isotropic plate was compared in table 1. Gorman also studied elastically supported plate but results are given in reference [11] graphically and the results are in good agreement not shown here. The steady state response to a concentrated force acting on an orthotropic square plate, which of two edges are viscoelastically supported oppositely others are free, is calculated numerically.
Viscoelastic supports are given equally per supported area. A brief investigation of the free vibration of an elastically supported plate is necessary for a better understanding of the responses presented in this study. The natural frequencies of the elastically supported plate are determined by calculating the eigenvalues, assuming that the damping parameter of the supports and external force are zero.
In Table 1 . the convergence of the fundamental mode is presented for the for κ=50, κ=1e20 (almost rigid for translational deflection) and υ=0.3, υ =0.333 respectively.
It is shown that the convergence with respect to mesh size is quite rapid in the considered cases. As it is observed from Table 2 , the frequency parameter monotonically convergences while the mesh size increase. Convergence can be below or above depending of the value of translational spring coefficient. Convergency properties are not effected from E 2 /E 1 ratios and not shown here. The effect of mesh size and translational spring coefficient on the fundamental frequency can be seen clearly in Figure 3 . ( ) Figure 4 shows the frequency parameters λ versus the stiffness parameter κ. The translational stiffness coefficient is given equal values along supported edges in the case 0, 0
In Figure 4 , the values of ordinates at 0 κ = and κ = ∞ represent the frequency parameters of a free plate and a simply supported plate, respectively. As the value of the translational stiffness parameter increases, the frequency parameter also increases and ultimately becomes the value of a SFSF supported plate. All eigen values approach zero as their lover limit, as expected. Table 3 . depicts eigenvalues of frequency parameter numerically for anisotropic plate. Last three line of Table 3 . corresponds to the case of SFSF supported plate, while others EFEF relatively. It can be seen that effect of E 2 /E 1 ratio on fundamental frequency of plate is getting significant, while the value of κ increases. Table 4 depicts frequency parameters and transmissibility values where the peak values occur for set of κ, γ, E 2 /E 1 . When comparing Table 3 with Table 4 , one can see clearly, frequency parameter tend to be close natural fundamental frequency of the plate for lower values of γ. Table 4 . The frequencies at which the peak values of the force transmissibilities occur, Figure 5 shows that existence of a suitable value of damping parameter γ, for possible to reduce the peak values of the force transmissibilities to certain minimum value for any κ value. Existence of such points is useful for an optimum design of a system by choosing appropriate damping parameter. Within certain range of the frequencies the force transmissibilities are less than unity, which indicates the possibility of vibration isolation. The effect of anisotropy on force transmissibilities are shown in Figure 6 . It is apparently seen that the value of force transmissibility is not affected from anisotropy significantly. But the values of frequencies where the peak values occur are affected from anisotropy as suitable for natural frequency occurrence range for different E 2 /E 1 ratios. 4. CONCLUSIONS This present paper, to the authors' knowledge, the first known vibration analysis of EFEF / VFVF supported anisotropic plate. Model can be used to simulate the actual boundary conditions of the plates. A simple numerical method has been presented for determining natural frequencies of plates. The convergence studies are made. Fundamental frequency was determined depending on spring coefficient and anisotropy. The frequencies at which the peak values of the force transmissibilities occur were obtained. It was shown that existence of a suitable value of damping parameter γ for possible to reduce the peak values of the force transmisibilities to minimum certain value for any κ. The effect of anisotropy on the force transmissibilities was also investigated.
